Abstract. -Gd/Co multilayer films were prepared by electron beam evaporation in a vacuum of lo-? Torr. The multilayer film of (110 A Gdf147 A Co) x 12 showed peculiar magnetization process around 150 K. This can be attributed to a transition of Gd spins from aligned to twisted states.
Introduction
In recent years, several reports have been published on rare earth-transition metal multilayer films. Most of them described the saturation magnetization M, and the perpendiculer anisotropy as functions of bilayer periods [l, 21. As for M,, it was shown that the multilayer films behave like amorphous alloy films when the period is smaller than about 100
However, details of magnetization process have not been reported. In this paper, we present a study on the magnetization process or magnetic phase transition of multilayer films with relatively large bilayer period (-250 A) . showed considerable diffusion of Co into Gd layers.
(2) 3. Results a n d discussion At room temperature, M, averaged over bilayers is smaller than that obtained by assuming nonmagnetic Gd, and decreases with decreasing bilayer period approaching the value of amorphous alloys. At low temperatures, the magnetization of films with long bilayer period is not saturated at low in-plane fields but gradually increases with increasing field as shown in figure 1. The shape of the curve for 150 K is particularly curious.
At first we calculate the thermal average of Gd spin polarization within the framework of the molecular field theory [3, 41. We assume that each Gd layer con-'Present address: Sony Corporation, Atsugi, Japan and B, is the Brillouin function.
Here Jij is an exchange constant for atoms, one in layer i, the other in layer j, and z~ is assumed to be 6 (i = j) or 3 (i = j f 1 ) . Figure 2 shows the result of the calculation, where parameters are assumed as S G~= 7, gad= 2, Sco= 0.78, gco= 2.2, J G~c~= -~.~x 10-~'(er~) [5], ~GdGd=3.2~ 10-16(erg), and further CO layers are assumed to be completely polalized, namely (So) = (SN) = S c o It is seen that at 80 K or 200 K, ( S G~) is almost constant throughout the layers. At 300 K which is slightly higher than the Curie temperature of Gd metal, Gd spins are polalized only in a few atomic layers close to Co layers.
Next we calculate the magnetization curves by minimizing the magnetic free energy of the system shown figure 3 . This process is quite similar to the surface spin reorientation described by Camley [4] . When the field is increased further, the magnetization becomes lager than that expected from Co moment only. This means that Gd spins become parallel to Co spins. In the experimental result shown in figure 2, the curve for T = 150 K looks quite like theoretical ones, and thus we may conclude that a transition from aligned to twisted spin structure has been observed in Gd/Co multilayer films. multilayer films.
